The attached SD documents t h e o r i g i n a t o r ' s a n a l y s i s o n l y . It s h a l l n o t be used as t h e f i n a l o r s o l e document f o r a f f e c t i n g changes t o an a u t h o r i z a t i o n b a s i s o r s a f e t y b a s i s f o r a f a c i l i t y o r a c t i v i t y Aqueous NaOH s o l u t i o n s are added as needed t o Hanford waste tanks t o a d j u s t waste pH so as t o minimize c o r r o s i o n i n t h e tanks. These a d d i t i o n s are n o r m a l l y made from a t a n k t r u c k through any o f a v a r i e t y o f pipes, hoses and pumps.
t r a n s p o r t i s 1 i n c h schedule 10 commercial s t e e l p i p e w i t h a w a l l t h i c k n e s s o f 0.109 inches. The l a r g e s t p i p e o r hose considered i s 2 i n c h cross l i n k e d p o l y e t h y l e n e hose w i t h a w a l l thickness o f 25/64 inch. t h e system can be subjected t o i s 125 p s i g . The h i g h e s t temperature a t which t h e t a n k t r u c k i s loaded i s 12OoF (49OC). The s o l u t i o n c o n c e n t r a t i o n c o u l d be anywhere i n t h e range 5 t o 50% NaOH.
An e v a l u a t i o n i s r e q u i r e d o f t h e maximum NaOH a i r concentrations which c o u l d occur a t t h e o n s i t e (100 m) and s i t e boundary r e c e p t o r s due t o a spray l e a k d u r i n g a t r a n s f e r t o a waste tank.

The l i g h t e s t equipment considered t o be s u i t a b l e f o r NaOH s o l u t i o n
The maximum pressure
Accident d e s c r i p t i o n :
A pressure o f 125 p s i g i s n o t expected t o be a b l e t o cause schedule 10 s t e e l p i p e t o f a i l . The most l i k e l y cause o f a spray r e l e a s e i s considered t o be a loose connection, o r p o s s i b l y a cracked c i r c u m f e r e n t i a l weld j o i n i n g t h e p i p e t o a f l a n g e o r f i t t i n g . I n t h e case o f a loose f i t t i n g , t h e l e a k c o u l d extend around t h e f u l l circumference o f t h e s e a l i n g surface. The depth ( p a t h l e n g t h ) o f t h e opening i n such a case, however, would be much g r e a t e r t h a n t h e w a l l t h i c k n e s s o f t h e p i p e and so would e x h i b i t a much lower l e a k r a t e due t o f r i c t i o n losses. Polyethylene i s n o t s t i f f enough t o m a i n t a i n t h e f i n e crack w i d t h associated w i t h an atomizing spray over a crack l e n g t h s u f f i c i e n t t o produce a s i g n i f i c a n t l e a k r a t e . A s p l i t i n t h e polyethylene hose l a r g e enough t o cause a s i g n i f i c a n t r e l e a s e r a t e would t h e r e f o r e produce a stream ( w i t h l i t t l e p r o d u c t i o n o f small p a r t i c l e s ) r a t h e r than a f i n e spray. The worst case c i r c u m f e r e n t i a l crack i n a p i p e weld able t o m a i n t a i n t h e narrow w i d t h associated w i t h a f i n e aerosol spray i s normally assumed t o extend a d i s t a n c e around t h e p i p e equal t o one p i p e diameter ( i n s i d e ) .
The maximum spray l e a k was t h e r e f o r e assumed t o be a crack w i t h a minimum depth equal t o t h e l i g h t e s t (schedule 10) p i p e w a l l t h i c k n e s s o f 0.109 inches and a maximum l e n g t h equal t o one p i p e diameter, i . e . , 1 inch. The w i d t h o f t h e c r a c k was optimized t o produce t h e h i g h e s t r e s p i r a b l e p a r t i c l e f r a c t i o n u s i n g t h e SPRAY Code (Hey and Leach 1994).
TransDort assumptions:
For a ground level release the onsite receptor is normally assumed to be at a distance of 100 m in the worst direction (WHC 1988) . The site boundary receptor for purposes of this analysis is located at the site boundary or the near bank of the Columbia River, whichever is closer, in the worst direction. No receptor evacuation was assumed.
Acute 99.5 percentile ground level release dispersion factors (X/Q) have been generated for the Hanford tank farms using the GXQ code (Hey 1994) at each of the 16 sectors at 100 m and at the site boundary or the near bank of the Columbia River. Since maximum air concentrations are the primary concern for toxic releases, no plume meander was assumed. in WHC-SD-WM-SARR-016 (Savin0 1996) as 3.41E-2 s/m3 onsite (100 m E ) and 2.83E-5 s/m3 at the site boundary (8.76 km N ) .
In the case of a liquid spray release, care must be taken to account for evaporation during transit when estimating the small particle ("respirable") fraction.
for long distances whereas particles larger than 10 pm released from a nonelevated source tend to fall out within the first 50 to 100 m of travel. term "respirable fraction" is often used in reference to particles less than 10 pm because this is the size range which can reach the lower lung.) size of the liquid particles will decrease in transit due to evaporation of the liquid component finally leaving only a smaller particle of the solid material which had been in solution in the liquid. of a solution particle with a solid fraction f, which will evaporate to a particle with a diameter of 10 pm is given by (Hey and Leach 1995)
The resulting X/Qs are reported
Particles less than about 10 pm tend to remain suspended in the air (The
The
The initial diameter, D,,
The resulting initial particle diameters are shown in Table 1 along with solution viscosity and density (Perry and Green 1984) for a range of solid fractions of NaOH in water. with decreasing viscosity and hence increasing temperature. the temperature range for this liquid (5OoC) is therefore assumed.
The leak rate and atomization efficiency increase The high end of It is conservatively assumed here that the liquid fract.ion of the spray evaporates very quickly. "respirable" particles would cause rapid initial fallout.
In reality the initial large size of the Source term:
The SPRAY Code version 3.0 (Hey and Leach 1995) was used to calculate leak rates and small particle fractions for the assumed break in the liquid containment boundary. As previously developed, the assumed break is a crack with a maximum length of 6.28 inches and a minimum depth of 0.109 inches.
(The release rate will decrease with increasing crack depth due to higher friction losses.) The crack width was optimized to maximize the release rate of particles with an initial size less than or equal to the size given as D, in Table 1 .
At low solution concentrations, the viscosity is low (approaching that of water) so that friction losses in the crack are low and solution release rates are relatively high. The NaOH release rate is low, however, due to the low Concentration. As concentration increases, the NaOH respirable release rate initially stays fairly constant due to the competing effects of increasing concentration and decreasing initial particle size range due to effects of evaporation. However as concentration is increased further, the increase in solution viscosity causes a rapidly decreasing flow rate. There may also be an added effect due to a possible transition from turbulant flow at low viscosity to laminar flow at higher viscosities. It is expected, therefore, that the maximum small particle NaOH release rate will occur at some optimum solution concentration. to determine this optimum solution concentration within the expected range of 5% to 50% NaOH to be used for tank additions. was therefore calculated over a range of NaOH concentrations with the results shown in Table 2 . Standard roughness and flow parameters for steel pipe were A parametric study was performed using the SPRAY Code
The small particle release rate assumed a s documented in t h e SPRAY Code output f i l e s shown i n Attachment 1 . For t h e cases where c r i t i c a l flow developed i n t h e crack, f r i c t i o n f a c t o r s f o r laminar flow were assumed f o r conservatism. As indicated in t h e t a b l e , the maximum small p a r t i c l e NaOH r e l e a s e r a t e corresponded t o a solution concentration of 12%.
Results:
By the d e f i n i t i o n of t h e X/Q, the maximum a i r concentration of NaOH a t a receptor l o c a t i o n i s just t h e product of t h e maximum r e l e a s e r a t e and t h e receptor X/Q. small p a r t i c l e NaOH i s shown in Table 3 .
The r e s u l t i n g o n s i t e and s i t e boundary a i r concentrations of These results are considered very conservative in this case since they do not take credit for the initially rapid fallout rate of the large liquid particles prior to evaporation of the liquid fraction.
Conclusion:
The caustic spray leak analyzed here has been assigned a frequency of occurrence in the anticipated range onsite and site boundary receptors for this frequency range are ERPG-1 and PEL-TWA. Both criteria are 2 mg/m3 for NaOH (Van Keuren 1995) . concentrations at the receptor points and the resulting sum of fractions of the risk guidelines are shown in Table 4 .
Receptor exposures to NaOH
-lO+'/y). The risk guidelines for The The sum of fractions at the site boundary are far less than the toxicological risk criterion of 1. location.
The criterion is exceeded at the onsite receptor Note that these results are for standard schedule 10 steel pipe. thinner wall pipe such as schedule 5 (wall thickness 0.065 in.) would increase the maximum release rate and receptor concentrations shown in Tables 3 and 4 by about 30% (due to the smaller crack depth and decreased friction losses). There would be no changes in the conclusions.
Use of a
Recommendations for mitigation:
Since the liquid being transferred is relatively cool (t50'C) and is at relatively low pressure (5125 psig), containment of a possible spray release would be easy. would be sufficient to contain the spray. Using the total optimal leak rate of 3.04E-5 m3/s (see attached Spray Code run for 12% solution) and the crack area produces a maximum liquid spray velocity of 26 m/s. spray to come out in a parallel (rather than a radial) stream, the maximum resulting reaction force of the worst-case spray would be about 0.88 Nt (0.20 lb). Assuming the plastic to form a 9 0 ' corner under the impact of the spray, the maximum stress produced in 4 mil material would be about 35 psi. Standard 4 mil polyethylene (or similar material) sleeving or wrap would therefore have Plastic sleeving or wrap taped in place around the fittings Even assuming the ample s t r e n g t h t o c o n t a i n t h e spray. t o be pressure t i g h t , however, and t h e s o l u t i o n would s t i l l l e a k o u t , producing a minor l o c a l cleanup problem, b u t t h e r e would be no s i g n i f i c a n t aerosol r e 1 ease.
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